mands and difficulties in hearing quality. Such findings underline that hearing aid use and satisfaction depend on the extent to which the devices help to manage everyday life successfully.
Introduction
Individual duration of hearing aid use and satisfaction with hearing aids varies. For example, Tesch-Römer [1] observed that daily hearing aid use ranges from 26 to 960 min. In the Blue Mountains Study [2] , it was observed that 15% of hearing aid users wore the hearing devices less than 1 h per day, while most individuals (60%) wore the devices 1-8 h per day, and 25% of all hearing aid owners wore their devices longer than 8 h daily. Response options allow less differentiation regarding satisfaction with hearing aids. In a Swiss survey of 7,891 hearing aid owners, 80% of participants were satisfied with their hearing aids [3] . In the EuroTrak I survey [4] , 86% of the French, 77% of the British, and 72% of the German participants reported high satisfaction with their hearing aids.
It is a robust finding that individual differences in hearing aid use and satisfaction may depend on personal resources. For example, there is more frequent or longer hearing aid use when there is greater subjective awareness of one's hearing loss [5] , stronger visual and fine motor skills [6] , a higher cognitive capacity [7] , more positive attitudes towards hearing aids [8] , a stronger intention to use the devices [9] , and when there is prior experience with hearing aids [5] . Comparable to correlates of hearing aid use, satisfaction with hearing aids is better when hearing aid owners are more aware of the hearing loss [10] , and when there is prior experience with the hearing aids [11] . Besides, satisfaction with the devices is greater when users do not expect too much of the devices, are more agreeable, and are less neurotic [12] .
In addition to personal resources, the demands of the listening environment (defined as the social, spatial, and auditory contexts) and the specific configuration of the hearing aid devices were found to relate to usage behaviour and satisfaction [13] . For example, Hartley et al. [2] found that hearing aid owners are less likely to use the hearing aids, when perceiving insufficient effectiveness, problems with amplification, and discomfort. Wong et al. [14] , based on a review of the literature, reported that satisfaction with the hearing aids differs across diverse listening situations. For example, low-demand listening situations, such as conversations in quiet contexts, were associated with higher satisfaction scores compared to difficult listening situations such as conversations in noisy contexts (i.e. meetings or restaurant visits). Such findings illustrate that individual positive outcomes of hearing aid use may vary across contexts [15] . Little is known about how intra-individual variability and heterogeneity of everyday contexts account for the usage and evaluation of hearing aid devices.
Consequently, we addressed intra-individual variability in the usage and evaluation of hearing aids in everyday life. Our research is based on the assumption that hearing aid owners proactively use their devices in response to personal resources and contextual demands [15] . For example, older adults with hearing loss were observed to disengage from social contexts where they experience difficulty with hearing [16] . More generally, this selection of device use occurs in all everyday contexts. Individuals may not use hearing aids in demanding situations such as group conversation, or when watching TV with others. In a study on the adoption of information and communication technologies, Melenhorst et al. [17] observed that older adults are more likely to consider the benefits rather than the costs of technology use when deciding whether to use a technical device. In specific listening situations, the benefits of not using the hearing aids (i.e. no background noise, lower cognitive load) may outweigh the benefits of using it (i.e. better hearing, actively participating in communication). Thus, we argue that hearing-impaired older adults may be more satisfied with the hearing aids when using the devices in listening situations that are associated with benefits of use.
The Present Study
This study explores the associations of personal resources and everyday life listening situations with the usage of, and satisfaction with, hearing aids among older adults. A central assumption is that hearing-impaired individuals proactively adapt hearing aid use to the demands of specific listening situations. We examine the extent to which older adults engage in such proactive hearing aid use, how it relates to their usage, and their subjective evaluation of the hearing aids. We assessed intra-individual variability of hearing aid use and hearing quality across everyday situations with an adapted version of the day reconstruction method [18] . We hypothesised that hearing aid use in a greater diversity of listening situations is associated with more positive indicators of hearing aid use. Moreover, we expected that low variability in hearing quality with hearing aids indicates reliable benefits in amplification and therefore positively relates to hearing aid use and satisfaction. These effects are supposed to explain additional variance in positive indicators of hearing aid use compared to common predictors that relate predominantly to personal resources.
We examined positive indicators of hearing aid use on a behavioural and on an evaluative dimension. Empirical data have shown that even satisfied hearing aid owners may use their devices rarely, while in contrast some dissatisfied individuals may use the hearing devices more than 8 h a day [19] . We argue that efficient hearing aid use involves both using the devices and simultaneously maximising their subjective utility [15] . Describing proactive hearing aid use may contribute to improved understanding of consistency in everyday use and evaluation of the hearing devices.
Methods

Participants
Participants responded to personal invitations via online communities and support groups for hearing-impaired individuals as well as to reports in the print media about the study. In total, 158 hearing aid owners ranging in age from 50 to 88 years (mean = 64.94, SD = 9.08) participated in the study. The sample included 89 men (56%). Thirteen percent had completed primary education, 23% lower secondary education, and 64% held a high school degree. Seventy-five percent of the participants were married, 10% were single, and 8% were divorced or widowed. Most participants were pensioners (58%), 13% worked part-time, and 29% worked full-time. 160 93% of the participants were provided with behind-the-ear hearing aids and 7% with in-the-ear devices. One third of the participants owned hearing aids that were not older than 2 years; 16.5% had devices older than 5 years. The mean experience of hearing aid use was 10.67 years (SD = 11.96; range: 0-51). Binaural fittings were present for 96.5% of the participants; all participants but one used both hearing aids regularly.
Procedure
The study was administered online. After an introduction describing the study aims and informing about the confidentiality of the data, participants gave consent to data collection. At first, participants answered questions about their hearing loss and described their actual hearing aids. In a second part, participants reconstructed their use of hearing aids during the preceding day completing an adapted version of the day reconstruction method [18, 20] . The method combines time-budget and experience sampling methods and has been shown to be robust as it reduces recall biases. Participants reported at what time they got up and went to bed the previous day. Subsequently, participants reported whether, and if so, at what time they have inserted and removed their hearing aids during the previous day. 88% of the participants inserted their hearing aids once, 9.5% twice, and 2.5% three times. Moreover, participants completed questions about each single episode (online suppl. information material; for all online suppl. material, see www.karger.com/ doi/10.1159/000366062). By this means, the method accounts for intraindividual short-term process dynamics of hearing aid use [21] . In a final section of the study protocol, participants responded to items on their satisfaction with and attitudes towards hearing aids, health status, and sociodemographic characteristics.
Measures
Positive Indicators of Hearing Aid Use
We defined satisfaction with hearing aids as well as daily duration of use as positive indicators of hearing aid use. Satisfaction with hearing aids was measured by the Satisfaction with Amplification in Daily Life scale [22] . The scale is comprised of 15 items which altogether form a global factor for satisfaction with hearing aids. Respondents endorsed items on a 5-point Likert scale, ranging from 'strongly agree' to 'strongly disagree' (Cronbach's α = 0.89). We modified response options from the original scale (7-point-Likert scale ranging from 'tremendously' to 'not at all'). Daily duration of use was computed via the proportion of waking time using hearing aids the previous day.
Personal Resources Personal resources of the participants were assessed via self-reported hearing loss, general health, and positive attitudes towards hearing aids. Subjective hearing loss was measured by a 4-item version of the Amsterdam Inventory [23] . Participants indicated on a 4-point Likert scale whether they have difficulties hearing in several situations without hearing aids. The scale comprises the listening situations that are mostly impaired by age-related hearing loss (conversation with one person, conversation with a group of people, telephoning, and watching TV). Responses ranged from 'no difficulties' to 'not possible' and internal consistency was good (Cronbach's α = 0.84). In earlier lab studies, the measure on subjective hearing loss correlated moderately with PTA thresholds at 0.5, 1, 2, and 4 kHz (n = 54, r = 0.461, p < 0.001). General health was assessed via one question on subjective health ('How satisfied are you with your health?') extracted from the WHO quality of life questionnaire [24] . Responses were given on a 10-point Likert scale ranging from 'very dissatisfied' to 'very satisfied' . Positive attitudes towards hearing aids were assessed via a 3-item subscale of the Attitudes towards Loss of Hearing Questionnaire [25] that quantifies negative associations with hearing aids on a 5-point Likert scale. The items were inverted in the present study. Thus, higher values correlate with a more positive attitude. Internal consistency was good (Cronbach's α = 0.77).
Hearing Episodes Proactive hearing aid use in everyday life was assessed via the diversity of listening situations with hearing aids and the variability of hearing quality in hearing aid use. Listening situations were defined via everyday activities. Throughout the reconstruction of the preceding day, participants chose from 24 activities in episodes with and without hearing aids. The response options were given in correspondence to the Yesterday Interviews in the Berlin Aging Study [26] ; for example, they included household chores, mobility, going on errands, time with others, telephoning, and sports. The diversity of listening situations comprises the number of different activities they have carried out in episodes with hearing aids. Additionally, we asked the participants to evaluate hearing on a 5-point Likert scale (ranging from 'no difficulties hearing at all' to 'a lot of difficulties hearing') during those listening situations they named. The standard deviation of hearing quality over all listening situations indicates the hearing variability in hearing aid use in the present study. For our analyses, we also computed the mean hearing quality in hearing aid use over all listening situations named.
We included age, gender, educational level, and experience in hearing aid use as covariates in our analyses. For experience in hearing aid use, respondents indicated the year they were provided with their first hearing aids.
Statistical Analysis
First, descriptive statistics and bivariate correlations for hearing aid use and satisfaction with hearing aids, personal resources, and proactive hearing aid use in everyday life were computed. Second, hearing aid use and satisfaction with hearing aids was predicted from personal resources and proactive hearing aid use using two separate regression analyses. In order to illustrate the results, we then compared patterns of proactive hearing aid use across those hearing aid users that reported consistently low or high positive indicators of hearing aid use, as well as participants that were inconsistent in usage behaviour and evaluation using analysis of variance. Table 1 Table 3 displays the results of the multiple regression analyses with waking time and satisfaction with hearing aids as dependent variables. For waking time with hearing aids, no associations were found with general health, hearing loss, and variability in hearing quality with hearing aids. Rather, the results indicate that positive attitudes towards hearing aids (β = 0.205, p < 0.01) as well as the diversity of listening situations (β = 0.390, p < 0.001) relate to longer hearing aid use during waking time (step 1 model; adj. R 2 = 0.211, p < 0.001). Likewise, satisfaction with hearing aids relates to positive attitudes (β = 0.200, p < 0.01) as well as the diversity of listening situations with hearing aids (β = 0.127, p < 0.05); and no associations were found with general health and hearing loss. In addition, the variability in hearing quality with hearing aids (β = -0.391, p < 0.001) was the best predictor of satisfaction with hearing aids (step 1 model; adj. R 2 = 0.470, p < 0.001). This effect also proves robust when controlling for the mean level of hearing quality with hearing aids.
Results
To ensure that the effects described above were not the products of demographic or biographical confounds, we repeated the analyses after statistically controlling for age, gender, education, and hearing aid experience. Controlling for these covariates did not alter results (see table 3 ; step 2 models).
For illustrative purpose, we compared proactive hearing aid use across those hearing aid users that reported consistently low or high positive indicators of hearing aid use, as well as participants that were inconsistent in usage behaviour and evaluation. Approximately one third of the participants (n = 47) reported use and satisfaction with hearing aids above the group median. Another 31% (n = 50) adopted and evaluated their hearing aids below the group median, and 39% (n = 61) reported inconsistent positive indicators of hearing aid use (i.e. low use and high satisfaction with hearing aids). To compare the patterns of proactive hearing aid use across the three subgroups, we computed two ANOVAs with diversity of listening situations and variability in hearing 
Discussion
In our research, we found first evidence that hearing aid owners proactively use the hearing devices in response to situation-specific demands and difficulties in hearing quality. We found individual differences in hearing aid use and intraindividual variability in hearing quality with hearing aids across everyday contexts. Such adaptive behavioural patterns relate to positive indicators of hearing aid use. For example, longer and more satisfying hearing aid use was associated with a greater diversity of listening situations, and with experiencing little variability in hearing quality.
Clearly, using hearing aids in everyday life may contribute to improved everyday functioning in hearing impaired individuals [1] . However, our findings also suggest that usage behaviour and satisfaction depend on contextual demands that result from the listening situations of hearing aid use [14] . We contend that hearing aid owners adapt hearing aid use to those contextual demands in accordance with their resources [15, 27] . In this study, participants named between 1 and 16 different listening situations for hearing aid use. Thus, some participants used their devices selectively in everyday life, whereas others used their hearing aids during most of their activities. The diversity of listening situations with hearing aids was associated with both, duration of use as well as satisfaction with hearing aids.
Additionally, we reported first findings that the subjective hearing quality (while using hearing aids) varies From this, we conclude that hearing aid use is associated with benefits (i.e. when hearing quality is high), but also with costs (i.e. when hearing quality is low). The variability of hearing quality relates to the subjective evaluation of hearing aids, irrespective of whether the individual's average hearing quality is high or low. Hearing-impaired older adults were more satisfied with the hearing aids when they were more likely to choose to use the devices in listening situations associated with benefits of use. Accordingly, consistent benefits of hearing aid use, as reflected via low variability in hearing quality with hearing aids, relate to higher satisfaction.
Findings may be discussed in the context of positive aging theories, such as the model of selection, optimisation, and compensation [27, 28] . The model describes adaptive processes of how individuals orchestrate their resources to maximise gains and minimise losses over the lifespan. For example, in response to losses, individuals select more meaningful goals, optimise or maintain their resources needed to achieve those goals, and compensate with new technologies, alternative means or new resources. Consistent with this model, our findings suggest that positive outcomes of hearing aid use not only pertain to the compensatory effect of adopting the hearing devices, but may also involve selection (of listening situations) and optimisation (of usage behaviour) [15] . In the present study, hearing aid use and satisfaction were highest for those individuals who managed diverse demands of listening situations in maintaining a high and stable level of hearing quality with hearing aids.
Clearly, hearing-impaired individuals strive to hear better. Using hearing aids does not necessarily constitute a conscious or intentional process of action regulation. We argue that hearing aid use in everyday life might be associated with automated behaviours (i.e. routines). Both processes reflect behavioural adaptations that relate to improved outcomes of hearing aid use (i.e. longer duration of use, more satisfaction, better hearing). Further experimental research will have to determine to which degree the proactive behaviours described in the present study are subject to intentional or automated processes.
The analyses included behavioural and evaluative indicators of hearing aid use as distinct measures. The results revealed different prediction models for the two measures. Additionally, patterns of proactive hearing aid use differed between participants that reported consistently high positive indicators of hearing aid use (high usage, high satisfaction) and those that reported low or inconsistent positive indicators. Future research may consider an integrative indicator of efficient hearing aid use that refers to using the devices while maximising their subjective benefit, for example, with regard to feeling satisfied [15] .
These findings underline that individual differences in daily hearing aid use and hearing quality should be con- The present findings are based on a correlational study. Therefore, our data do not allow inferring the direction of effects from proactive hearing aid use on usage of and satisfaction with hearing aids. We submit that our findings justify further research to test such hypotheses with longitudinal study designs. Additionally, more measurement occasions will have to be implemented in order to better understand the adaptive processes in the daily patterns of hearing aid use. For example, studying the first months after initial hearing aid provision would allow differentiation between those older adults that easily or hardly adapt to hearing aid use in everyday life.
Finally, we acknowledge several limitations in the study. First, the sample was selective with respect to Internet use and educational status. Thus, future research needs to replicate these findings with different subgroups of older adults that are, for example, not familiar with the Internet. As the sample was composed of hearing aid owners, we premised that all participants had clinical hearing impairment. Future studies should account for hearing thresholds measured via pure tone audiograms as well as non-auditory capacities, such as fine motor skills and cognition [6, 7] . In our study, we defined and operationalised environmental demands via listening situations of hearing aid use. Future research should also consider the demands that result from the design and configuration of the hearing aid devices. There is empirical evidence showing that configurations of the hearing aids differentially fit specific personal demands. For example, older adults with reduced cognitive abilities were found to obtain greater benefits from hearing aids with slowacting compression [29] .
In conclusion, our findings suggest that hearing aid owners contribute to positive outcomes of hearing aid use in everyday life in response to situation-specific demands and difficulties regarding hearing quality. Individuals who reported high and satisfying hearing aid use were characterised by managing diverse demands of listening situations while experiencing low variability in hearing quality. Future research, as well as audiologists in the field, should account for those adaptive competences as well as situation-specific demands within and across hearing aid owners.
